This work evaluates the adsorption capacity of the wild cane fiber (Gynerium Sagittatum) in crude oil. Both untreated biomass and treated with ionic liquid [2HEA][Ac] and acetylated were studied for oil spill cleanup in aqueous environment. Crude oil adsorption tests were performed in a thermostatic bath, varying the time for the kinetic study and the amount of oil for isotherm model. Kinetic study of oil adsorption allowed us to identify that the untreated fiber reached saturation in 90 minutes, while the fiber treated with acetylated and ionic liquid reached saturation in 30 minutes. In equilibrium, the total amount of oil adsorbed by the untreated fiber was 3.8g, whereas in acetylated and ionic liquid treated fiber, the obtained maximum adsorption capacity was 4.4 and 3.7 g, respectively. The remediation process using wild cane fiber followed a second order kinetic rate and Sips and Toth isotherm models provided the best fit to experimental data.
INTRODUCTION
One of the major ecological concerns, nowadays, is the environmental impact caused by activities associated with oil. Areas located close to facilities that transport, produce, and distribute oil are at a greater risk. Contamination caused by consumption of petroleum products, such as fuel oils used in vessels, corresponds to the largest portion of oil introduced into the sea due to human activities. Generally, this type of contamination occurs slowly and chronically ( To mitigate the effects of oil spills, several separation processes have been set in place, including mechanical, physical, chemical, and biological processes. Among the separation processes, sorption techniques have been studied to remove petroleum from environmental accidents and industrial effluents.
In these separation processes, various types of materials, such as natural or synthetic ones, are applied. To be considered good sorbents, such materials must have oleophilic and hydrophobic properties, attracting the oil preferentially to water Among these separation processes, the treatment to remove oil in aqueous systems using natural fibers stands out due to its low cost and high sorption capacity. Moreover, if a sustainable process is desired, natural fibers are biodegradable materials that can be used at an industrial scale The wild cane (Gynerium Sagittatum) belongs to Poaceae family and can be found throughout Brazil throughout the year. This fiber is widely used in handicraft production by the residents of Ilha de Maré, Bahia, Brazil (MMA, 2011).
The lack of research using wild cane fiber and the possibility of adding value to a residue in remediating oil spills in aqueous environments were the main motivational factors for this adsorption study. Thus, in this work we investigate the oil sorption capacity of wild cane fiber.
MATERIALS AND METHODS

Material preparation
Wild cane fiber was donated by craft community of Praia Grande, located in Ilha de Maré (Bahia, Brazil) . Initially, the fiber size was reduced in a knife mill and sieved to obtain a homogenous particle size (i.e 1 mm) to increase the contact surface and the efficiency of adsorption. Then, it was washed thoroughly with distilled water to remove impurities and placed in an oven at 60°C for 24h to remove all the water content present in the biosorbent ( 
Chemical treatments
The fibers were treated in two different ways: traditional treatment and ionic liquid treatment. For the traditional treatment, two steps were carried out: mercerization and acetylation. In the mercerization treatment, the fibers were treated with a 0.0075 (w/w) NaOH aqueous solution for 1 hour under agitation of 300 rpm. Then, the wild cane was filtered and washed with distilled water until a neutralized pH be achived (Abdelwahab et al., 2017; Miranda et al., 2015) . The acetylation was carried out on the wild cane fiber previously mercerized with a solution (500 mL) containing a ratio of 1.5:1.0 (w/w) of acetic anhydride, glacial acetic acid, and 20 drops of sulfuric acid, used as a catalyst (Abdelwahab et al., 2017; Miranda et al., 2015) . The reaction occurred at 80°C under constant stirring for 3 hours. In the ionic liquid treatment, the untreated wild cane was immersed in a 0.75 w/w aqueous solution of a protic ionic liquid, 2-hydroxyethanolamine acetate ([2HEA] [Ac]). The experiment used a proportion of 0.05g of fibers Pin et al., 2019) . After both treatments and after mercerization, as mentioned before, the fibers were then washed with distilled water until the pH was neutralized. Following, they were allowed to dry in an oven at 60°C for about 24 hours until the fiber mass remained constant.
Biomass characterizations
Scanning Electron Microscopy (SEM)
Scanning Electron Microscopy (SEM) analysis was performed to evaluate the surface morphology of untreated wild cane fiber and after treatments. The analysis was performed on a Tescan equipment, VEGA 3 LMU. The sample was metallized with gold in a Q150R quorum. Variable increases were recorded for untreated and chemically treated fibers.
Fourier Transform Infrared Spectroscopy (FTIR)
The use of infrared spectroscopy is a tool that allows the investigation of functional groups and the identification of a specific material, whether organic or inorganic. It is an accessory widely used for the characterization of lignocellulosic fibers.
Fourier transform infrared (FTIR) spectra were recorded using a Shimadzu, IRAffinity-1 spectrometer with a 0.5 cm -1 detector of resolution. Samples were prepared by mixing the material with KBr.
Thermogravimetric Analysis (TGA)
Thermogravimetry is the technique that allows, under controlled programming, the investigation of the change in weight of a sample as a function of temperature. The thermogravimetric (TGA) and its derivative (DTA) analysis evaluated the thermal stability of untreated wild cane fibers, acetylated and treated with [2HEA][Ac]. The analysis were performed using a Shimadzu thermocouple, TGA-50, under a nitrogen atmosphere, in a temperature range of 20 to 1000°C, using a heating rate of 10°C min -1 .
X-Ray Diffraction (XRD)
The X-ray diffraction method allows one to explore the crystalline structure of materials and provides information about the crystalline fraction of the sample (amorphous, semi-crystalline, and crystalline). The XRD analyses were performed on Shimazdu XRD -7000 to observe the alteration in crystalline behavior through the different types of treatment. Fibers x-ray diffractograms were used for comparison of crystallinity. The crystallinity index was calculated using (1) Where: I 002 = diffraction peak intensities for crystalline (2θ ≈ 22 °) I AM = diffraction peak intensities for amorphous (2θ ≈ 18 °)
Composition analysis
The method proposed by Van Soest for determination of fiber chemical composition is based on fractions separation of chemical constituents by detergents. The neutral detergent allows the separation of the soluble fraction (cellular content), formed by proteins, soluble carbohydrates and fats of the cellular wall, of insoluble fraction in the neutral detergent, which is called neutral detergent fiber (NDF), composed by cellulose, hemicellulose, lignin, heat-damaged protein, and ash (Geron et al., 2014).
Thus, for investigation of chemical composition, the Van Soest method was used to determine the percentage of cellulose, hemicellulose, and lignin of wild cane both untreated and after chemical treatment.
Crude oil characterization
The crude oil used in adsorption tests came from Rio Grande do Norte, Brazil, and the analysis were carried out at the Petroleum and Gas Laboratory, located in Salvador, Bahia, Brazil. The physicochemical properties evaluated were density, API, viscosity, and pour point.
The density of oil and its API were measured with an Anton Paar DMA-4500 digital densimeter with uncertainty of 0.00001 g/cm 3 , following ASTM D-5002 (2018) and ISO-12185 standards. The viscosity was determined with a Brookfield DVIII Ultra rheometer with uncertainty of 4.7 cp, following the ASTM D-445 standard (2018). Analyses were performed at 26°C, temperature used in kinetic and equilibrium studies.
The petroleum pour point, the Automatic Cloud & Pour Point Tester HCP 852, was used with uncertainty of 3°C, following the ASTM D97 standard (2017).
Adsorption kinetics
Kinetic tests were performed in duplicate to define the average time for complete oil saturation, obtaining a kinetic curve that allows the modeling of the experimental data.
The experimental procedure was performed by varying the time and using fixed amounts of fiber and water/oil solution. A portion (0.5 g) of untreated wild cane, acetylated and treated with [2HEA] [Ac] in 80 ml of solution (approximately 74.8 g of distilled water and 4.5 g of oil) were used. The fibers were conditioned in non-woven fabric containment barriers made in dimensions (8 cm x 2 cm x 2 cm). The experiments were run in a Dubnoff Q226M1 bath from Quimis at 26°C (± 1°C) and agitation of 126 rpm. The fibers were removed at pre-set times (5; 10; 20; 30; 60; 90; 120 minutes), oven-dried at 60°C for 24 hours and then weighed. The fiber adsorption capacity was calculated from Equation 2.
(2) Where: S = sorption capacity of the fiber (g adsorbate / g adsorbent) S t = total mass after sorption (g) S 0 = initial mass (g) Table 1 shows the models that were used to fit the experimental data obtained in the tests: pseudo-first order, pseudo-second order, and intraparticle diffusion (Ho & Mckay, 1999) . The symbols of the models can be described as follows: q e q t are the adsorbed amounts per gram of adsorbent (mg. g -1 ), k 1 and k 2 are the adsorption rate constants, K i is the intraparticle diffusion constant, and C is the value of line intersection with the axis q t (mg. g -1 ).
Sorption isotherms
Sorption equilibrium study was carried to evaluate, through the sorption isotherms, the equilibrium relation between the amount of adsorbed oil per unit mass of wild cane fiber and the equilibrium solution concentration (Dotto et al., 2011). Three adsorbents were evaluated: untreated wild cane fiber; acetylated wild cane fiber; and wild cane fiber treated with [2HEA] [Ac]. A portion (0.5g) of adsorbent was placed in contact with varied amounts of oil (2; 4; 6; 8; 10; 12; 14; 16 mL) and supplemented with distilled water until 80 mL (measurements were made on a mass basis through an analytical balance of Shimadzu AX200). The experiments were carried out in a Dubnoff Q226M1 bath from Quimis at 26°C (± 1°C) under agitation of 126 rpm in the time obtained according to the best adsorption results in kinetic study. After the period determined by the kinetics, the adsorbent was collected and weighed after 24h. The adsorption capacity of the fiber was calculated from Equation 3. 
Cinetic model Equation
Pseudo-first order
Pseudo-second order Intraparticle diffusion (3) Where: q = adsorption capacity (g/g)
C o = initial concentration of the adsorbate (g.mL -1 ) C e = concentration of adsorbate at equilibrium (g.mL -1 ) V = volume of the solution (mL) m = mass of the adsorbent (g) Table 2 shows the isotherms models that were applied to fit the experimental data on the values of q versus Ce: Langmuir, Freundlich, Toth, and Sips The symbols of the models can be described as follows: q e q e is the adsorbed amount per gram of adsorbent (mg.g -1 ), q max is the maximum adsorption capacity (mg.g -1 ), K L is the interaction constant adsorbate / adsorbent (L.mg -1 ), C e is the adsorbate concentration at equilibrium (mg.L -1 ), 1/n is the constant related to surface heterogeneity, K F is the Freundlich adsorption capacity constant (mg 1-(1/n) .g -1 .L 1/n ), b is the constant of the Toth isotherm (kPa -1 ), t represents the parameter indicating heterogeneity, b is the Sips constant for adsorbate / adsorbent interaction (mmol.g -1 ).
RESULTS E DISCUSSION
Scanning Electron Microscopy (SEM)
Through Scanning Electron Microscopy (SEM) it was possible to evaluate changes in fiber morphology caused by chemical treatments, allowing analyzing treatment efficiency. 
Isotherm model Nonlinear form equation
Langmuir
Freundlich Toth Sips Figure 2 shows wild cane fiber after acetylation. A slight change in part of the fiber structure, presenting a wrinkle surface, is observed after submitting it to treatment. This appearance can be attributed to the blanket of plant wax, hemicellulose, lignin, and impurities on the surface.
The acetylated fiber showed a smooth surface with the treatment, which promoted superficial cleaning and removed the parenchyma cell structure. Abdelwahab et al. (2017) also reported in their study that the chemical treatment (acid or base) had only a small superficial effect on palm fiber surface. Lopes et al. (2010a) studied the acetylation of sisal. They identified that the fibers presented a smoother surface, which is associated to elimination of substances that directly influence hydrophilicity, such as pectin, lignin, and wax present in fiber cuticles. According to Lopes et al. (2010b), the acetylation of curauá fiber made it possible to identify the formation of cellulose acetate particles when compared to untreated fiber.
The SEM microphotographs of wild cane treated with protic ionic liquid are shown in Figure 3 .
The biomass studied after treatment exhibited fibrillar structures and, apparently, an increase in the fiber surface area. The 2-hydroxyethanolamine acetate clearly promoted an increase in the roughness and the number pores, which may favor good adsorption results. Miranda et al. (2019) studied the influence of several ionic liquids on the removal of lignocellulosic components in the crown of the pineapple, and were able to verify that the treatments with the ILs resulted in a more irregular and porous texture. The treatments with ionic liquids [2HEA][Ac] and [2HEA][Pr] caused structure elongation and a higher presence of pores, related to lignin removal. In addition, the authors noted that the cellulose structures were preserved.
Fourier
Transform Infrared Spectroscopy (FTIR) Figure 4 represents the infrared spectra of untreated and treated fibers, in the range from 4000 to 500 cm -1 . FTIR showed the main functional groups present in the spectrum, besides evaluating the fiber surface modification after treatments, according to the behavior of the bands. For untreated wild cane, O-H (3411 cm -1 ) and C-H (2898 cm -1 ) groups were observed, which were assigned to polysaccharides, such as cellulose and hemicellulose. The band around 1650-1600 cm -1 refers to C = C bond of lignin. The peaks found between the bands at 3600 and 3307 cm -1 is due to stretching vibration in the hydroxyl (OH), which are associated to lignocellulosic structures of the fiber By comparison, one can observe that for treated fiber with the ionic liquid [2HEA][Ac], the increase in absorption range at 3600-3000 cm -1 , represented by elongation in OH, is incorporated in this band, and the compound can be an alcohol, phenol or carboxylic acid. The absorption peaks at 3600-3000 cm -1 and around 1750-1600 cm -1 are assigned to N-H structure of primary amines, characteristic of ionic liquids based on ammonium neutralization 
Thermogravimetric analysis (TGA and DTA)
Figures 5, 6, and 7 represent the thermogravimetric (TGA / DTA) curves of untreated wild cane fiber, acetylated and treated with [2HEA][Ac] ionic liquid, respectively.
In Figure 5 , a mass loss at about 4% occurs in region I from 25 to 95°C, which is due to the loss of moisture. It is also possible to note that the fiber exhibited a thermal stability up to approximately 250°C, where the degradation process begins in region II. Upon reaching a temperature of 450°C, a mass loss of approximately 70% was obtained.
In Figure 6 , one can observe in region I that the acetylated fiber showed a lower initial mass loss than untreated fiber. This behavior may be related to fiber esterification after the acetylation treatment, which led to the partial removal of water (Lopes et al., 2010b) . It is possible to verify in Region II that the initial degradation temperature of the acetylated fiber was 230°C, starting 20°C lower than the initial degradation Figure 7 illustrates the thermogravimetric curve of wild cane treated with ionic liquid. The curve first stage in region I, up to approximately 40°C, is associated with the low humidity present in the fibers and presence of compounds such as organic acids and aliphatic hydrocarbons (Silva, 2017) . The second event, which occurs in region II, refers to the degradation of cellulose and hemicellulose, which are overlapping events with a maximum temperature of approximately 460°C.
Analyzing DTA curves of the fibers, the presence of two distinct peaks indicates the occurrence of two stages in the thermal fiber degradation. In untreated fiber, the first peak present in region II refers to the predominant decomposition of hemicellulose components at temperatures ranging from 265 to 410°C. The second peak present in region II is attributed to degradation of cellulose components. This peak is starts at 410°C and ends at about 450°C. 
X-Ray Diffraction (XRD)
The crystallographic patterns of untreated wild cane fibers and after the acetylation and ionic liquid treatments indicated in Figure 8 , present characteristics of semicrystalline materials. 
Intensity (a.u.)
Characteristic peaks of type I cellulose can be observed. Peaks and the amorphous halo are located at 17°≤2θ≤19° and 22°≤2θ≤23°, corresponding to the crystallographic planes (101) and (002) (Segal et al., 1959) . Treatment with [2HEA][Ac] led to increased crystallinity, and may be associated with fiber swelling, which increases the packaging degree in cellulose chains. The opposite effect can be observed in acetylated wild cane, where the crystallinity index decreased significantly when compared to samples untreated and treated with ionic liquid.
To quantify the crystallinity change, the crystallinity index was calculated using Equation 1, with the maximum peak intensity of the crystallographic plane (002) attributed by the polymorphic crystal of cellulose I and the intensity at which the peak of amorphous region is found. The crystallinity index found for untreated wild cane was 44.8%, about 29% higher than that of the acetylated fiber. reported that cellulose II can be obtained from cellulose I in processes involving dissolution of cellulose in solvent, and that it is less recalcitrant.
Compositional analysis
The amount of cellulose, hemicellulose, and lignin of the untreated biomass, treated with acetylation and ionic liquid [2HEA][Ac] are shown in Table 3 .
Untreated wild cane fiber contained 91.6% of structural components, such as cellulose, hemicellulose, and lignin; and 8.43% non-structural components such as waxes, fats, proteins, pectins, and other impurities. There are still no scientific reports measuring the chemical composition of wild cane, however, comparing it with grasses of the same family, a slight similarity in its composition can be observed. . (2019) verified that the conditions applied at 100°C and 1h for the treatment of the crown of the pineapple with protic ionic liquids did not cause significant modifications in the composition. The untreated pineapple crown had approximately 35%, 25%, and 5% cellulose, hemicellulose, and lignin contents, respectively. In the biomass treated with [2HEA][Ac] the levels presented were of 38%, 29%, and 2%, respectively. Results suggest that the conditions used in the treatment did not remove the lignocellulosic components significantly.
Crude oil characterization
The results of the analyses of density and viscosity of the oil used in the adsorption tests are shown in Table 4 .
The pour point was also evaluated, although it was not possible to determine its exact value due to the limitation in the minimum temperature of the thermostatic bath. The oil reached -3.2°C during the analysis, still not reaching its pour point. Hence, at 26°C, the oil adsorption tests showed good fluidity. The oil used presents °API 24 being classified as medium (22.3> °API> 31.1) (Szklo, 2005). Figure 9 shows oil adsorption kinetics of the untreated, acetylated, and treated with ionic liquid fibers.
Kinetic models
The average time to reach the maximum adsorption was 90 minutes for untreated wild cane, where sorption capacity remained constant. For untreated biomass, the maximum adsorption values reached 4.3 g oil / g adsorbent.
It is possible to notice that the acetylation and ionic liquid treatments [2HEA][Ac] promoted a reduction in the oil sorption capacity, which both presented maximum values of 3.5 g oil / g adsorbent. This reduction can be justified on the basis of composition analysis. The results indicated that the acetylated fiber presented a significant reduction of the hemicellulose (hydrophilic) content, and a slight decrease of the lignin (oleophilic) content, which increased the percent of cellulose (hydrophilic), characteristics of the mercerization pre-treatment (Bledzki & Gassan,  1999; Mohanty et al., 2001; Ray et al., 2001) . The fact that the acetylation treatment fails to remove the cellulose content may be related to the previously established conditions for the treatment, which resulted in a partial acetylation in the reaction. The addition of more catalyst in the process could cause an increase in the reaction rate, being able to degrade the cellulose, providing a more hydrophobic fiber (Bledzki et al., 2008) .
For fiber treated with the ionic liquid [2HEA][Ac], practically there was no change in composition by comparing it with the untreated fiber. The reduction in the adsorption capacity of the treated fiber may be associated to temperature and contact time conditions during the treatment, and the choice of using a protic ionic liquid as well.
Perez-Pimienta et al. (2006) reported that factors such as temperature and time, and also the choice of cation and anion types, can make significant differences in the delignification processes during treatment ( Therefore, the protic ionic liquid [2HEA][Ac] may have properties that suggest a higher lignin removal capacity of the biomass, but not of cellulose and hemicellulose. However, the temperature (80°C) and time (2h) conditions used in the treatment were not sufficient to promote the removal of even a significant amount of the lignin. The higher quantity of hydrophilic components, such as cellulose and hemicellulose, resulted in a higher affinity for water, reducing the oil sorption capacity.
The sorption kinetic study, using untreated wild cane fiber and after treatments, were also applied to the experimental data to evaluate the process of oil adsorption. The kinetic models applied to this work are pseudo-first order, pseudo-second order, and intraparticle diffusion. Figure 10 shows sorption kinetics curves by pseudo-first-order model for the untreated, acetylated, and ionic liquid treated fiber.
The regression coefficient (R²) values for different kinetic graphs were used to determine the mechanism that operate during the adsorption process. Onwuka et al. (2016) state that R² values between 0.43 -0.83 are considered moderate to high. Although the R² values obtained for the model were relatively high, it allows us to recognize that the pseudo-first order model does not fit for any of the three studied fibers, due to correlation coefficients not being so close to 1. Similar results were found for the same model in Wang et al. (2015) , where the R² values were below 0.9 using the rice husk fiber and in Onwuka et al. (2016), for different temperatures, found R² values between 0.051 and 0.5749, confirming that the model does not fit to experimental dada. The kinetic parameters of the pseudo-first-order model and the correlation coefficients obtained are presented in Table 5 . Figure 11 shows the sorption kinetics curves by pseudo-second order model for the untreated, acetylated, and ionic liquid treated fiber.
Note that the R² values for the untreated and acetylated fibers are above 0.99, indicating that the kinetic model of pseudo-second order is suitable to describe the oil sorption. The same was found by Al Zubaidi et al. (2016) , who used tire residues to adsorb crude oil in water. The kinetic parameters of the pseudo-first order model and the correlation coefficients obtained are shown in Table 6 . The intraparticle diffusion model for untreated, acetylated, and ionic liquid treated fiber are shown in Figure 12 .
The regression coefficients (R²) for intraparticle diffusion model were lower than that found for other models that obtained R² values above 0.9. This indicates that the model is not suitable for describing oil sorption. One can observe in the graph qt versus t 0.5 that there is no linear relation over the entire time band, indicating that there is more than one factor besides the diffusion that affects the adsorption. The kinetic parameters of the intraparticle diffusion model and the correlation coefficients obtained are shown in Table 7 .
Thus, after analyzing the proposed kinetic models, one can state that the pseudo-second order model, which assumes the limiting step of the adsorption process is the chemical sorption, is the best model studied to describe the process of oil adsorption using untreated wild cane, acetylated, and treated with ionic liquid. This conclusion can be defined because the R² were the closest to 1 for the analyzed biomasses ( 
Sorption Isotherms
The adsorption isotherms are essential to search informations about the adsorption process. Considering the kinetic results as a reference, the estimated time for the adsorption equilibrium to be reached for the untreated fiber was 90 minutes, whereas the acetylated and treated fiber with ionic liquid was 30 minutes. After the predetermined times for each fiber, the equilibrium concentration was determined, and the adsorptive capacity of wild cane was calculated. Figure 13 shows the results obtained with the adsorption isotherms for untreated wild cane fiber, acetylated, and treated with ionic liquid, for the Langmuir, Freundlich, Sips, and Toth models.
The saturation for untreated wild cane was reached with 6 mL of oil and 74 mL of water, reaching a maximum adsorption capacity of 3.8 g oil / g adsorbent. The acetylated fiber reached equilibrium with 8 mL of oil and 72 mL of water, as well as the fiber treated with [2HEA][Ac], and its maximum adsorption capacities were 4.4 g oil / g adsorbent and 3.7 g oil / g adsorbent, respectively. The results suggest that the acetylated fiber showed an increase in the adsorption capacity, while the fiber treated with the ionic liquid [2HEA][Ac], did not change its capacity. The equilibrium data, by comparison with the kinetic study, can be justified by the high deviations obtained, which can end up generating an error of interpretation, since it suggests that the acetylation promoted an improvement in the biomass adsorption capacity. The results obtained for untreated wild cane, acetylated, and treated with the ionic liquid [2HEA][Ac] fit the studied models well, obtaining values of regression correlation coefficients (R²) close to 1. However, both Sips and Toth models were the ones that presented the best adjustments to the experimental data, with R² (0.9991, 0.9835, 0.9999) and (0.9999, 0.9835, 0.9999), respectively. Both models were developed to optimize the Langmuir and Freundlich models and assume an adsorption in heterogeneous surfaces, being therefore models that describe well the liquid-solid sorption system ( 
CONCLUSIONS
In the kinetic adsorption study, it was possible to conclude that the time for the untreated wild cane to reach equilibrium was 90 minutes, while the acetylated and [2HEA][Ac] treated fiber reached it in 30 minutes. Results show that the untreated biomass presented a maximum adsorption capacity of 4.3 g of oil/g adsorbent whereas the acetylated and [2HEA][Ac] treated biomass showed a reduction in maximum adsorption capacity, reaching values of 3.5 g oil/g adsorbent. The kinetic model that best fit the experimental data was pseudo-second order, presenting R² values above 0.99 for the untreated, acetylated, and [2HEA][Ac] treated fibers, which indicate that the adsorption is mainly chemical.
The determination of sorption isotherm values indicates that the experimental data can be described by the Sips and Toth models, with correlation coefficients (R²) of (0.9991, 0.9835, 0.9999) and (0.9999; 0, 9835 and 0.9999), respectively, for untreated, acetylated, and [2HEA][Ac] treated, indicating adsorption on heterogeneous surfaces.
The experimental data obtained shows that the treatment conditions were not ideal, since they caused a reduction in biomass sorption capacity. The acetylation treatment was not able to remove cellulose (hydrophilic) due to the partial acetylation in the reaction. For the [2HEA][Ac], ionic liquid, the temperature used and the low contact time (2 hours) in the treatment, besides the protic cation [2HEA] used, may justify the low influence of the treatment on fiber properties, confirmed by the biomass characterization analyses.
Through the Scanning Electron Microscopy (SEM) it was possible to observe the structural morphology behavior of the untreated, acetylated, and ionic liquid treated fibers. For the acetylated fiber, it was possible to observe a slight modification in part of the wild cane structure, resulting from the removal of waxes and impurities. In the [2HEA][Ac] treated fiber it was possible to notice a greater morphological alteration, where the fiber had a rougher appearance and a larger number of pores, which should improve the biomass sorption capacity.
The FTIR spectra analysis allowed us to identify the functional groups adhered to the fiber and its modifications, through the bands behavior, before and after the acetylation and [2HEA][Ac] treatments. The acetylated fiber spectrum showed increases in the bands associated to carboline, as a function of the acetyl group connections; a characteristic process of the acid treatment. The treatment with [2HEA][Ac] ionic liquid provided an increase in the absorption range in the corresponding bands to the N-H structure of the primary amines, in addition to the carbonyl elongation in the corresponding band.
By comparison, thermogravimetric analyses made it possible for us to observe that the degradation temperatures were slightly lower to untreated wild cane, indicating that treatments caused a small reduction in biomass thermal stability. Treatments of acetylation and with [2HEA][Ac] ionic liquid caused a reduction in the hygroscopic characteristic of the fiber.
The wild cane diffractogram allowed us to conclude that the [2HEA][Ac] treated fiber led to an increase in crystallinity due to the increase packing of the cellulose chains. This result was also confirmed by the composition analysis that shows lignin and hemicellulose removal causing an increase in cellulose percentage. The acetylated fiber presented a significant decrease in the crystallinity index due to the transformation of type I cellulose into type II cellulose.
Although the results indicate that the treatments did not contribute to the wild cane fiber adsorption capacity, which was shown to be a potential sorbent to be used for the oil removal in an aqueous environment in the untreated form. In addition, the fact that biomass does not require treatment makes the process more agile, simple, and inexpensive, since the absence of chemical reagents implies lower added cost to the process and lower environmental hazard risks.
